Controllability study on multi-vessel batch distillation column based on level control scheme by Nurul Hazwani, Sabri
  
 
CONTROLLABILITY STUDY ON MULTI-VESSEL BATCH DISTILLATION 
COLUMN BASED ON LEVEL CONTROL SCHEME 
 
 
 
 
NURUL HAZWANI BINTI SABRI 
 
 
Thesis submitted in fulfillment of the requirements 
for the award of the degree of 
Master of Science 
 
 
 
 
Faculty of Chemical Engineering & Natural Resources 
UNIVERSITI MALAYSIA PAHANG 
 
SEPTEMBER 2017 
 
 
iii 
 
ABSTRAK 
 Penyulingan sekumpul telah menunjukkan kelebihan yang unggul berbanding 
peroses penyulingan yang lain bagi penghasilan produk kimia yang khusus dan halus, 
produk farmaseutikal dan produk bermusim. Penyulingan sekumpul dengan tangka 
berbilang (MVBDC) adalah inovasi daripada penyulingan sekumpul yang memerlukan 
jumlah tenaga yang tinggi. MVBDC adalah kombinasi antara penerus sekumpul dan 
kolum pelurut. Oleh kerana tingkah laku dinamik dan keadaan proses tak mantap, strategi 
sistem kawalan bagi penyulingan sekumpul amat menarik untuk di kaji. Kajian ini 
membincangkan secara terperinci strategi kawalan penyulingan sekumpul dengan tangka 
berbilang (MVBDC) yang digunakan untuk memisahkan campuran tidak azeotropik yang 
terdiri daripada ethanol, 1-propanol dan n-butanol dan MVBDC in beroperasi pada 
refluks penuh. Pemisahan maksimum dicapai di bawah operasi refluks penuh. Tinggalan 
di dalam tangki dikekalkan kepada nilai optimum dengan kawalan tahap untuk 
mengekalkan operasi refluks penuh. Pengawalan dan analisis sensitiviti penting dalam 
menentukan paras tinggalan pada tangki mana yang perlu di kawal dan untuk 
mendapatkan prestasi kawalan yang terbaik yang boleh memastikan kualiti produk yang 
di perlukan tercapai. Jadi, analisis sensitiviti yang merangkumi analisis dinamik yang 
digunakan untuk menentukan pemboleh ubah bagi pemilihan struktur kawalan 
berdasarkan sistem terbuka di analisa. Tambahan pula, kajian pengawalan yang 
merangkumi penalaan pengawal dan interaksi analisis menggunakan RGA dan SVD pada 
MVBDC berdasarkan system tertutup di kaji. Satu set persamaan model matematik 
dibangunkan berdasarkan prinsip pertama termasuk keseimbangan berat dan 
keseimbangan komponen. Model ini di simulasi menggunakan MATLAB Simulink. 
Penalaan pengawal dilakukan berdasarkan Ziegler Nichols (ZN) kaedah penalaan dan 
Kawalan Model Dalaman (IMC). Dua kawalan paras dipilih sebagai struktur kawalan 
berdasarkan analisis sensitiviti. Berdasarkan analisis dinamik, berkadar (P) dan berkadar 
integral (PI) pengawal digunakan untuk kawalan tahap dan kemudian prestasi 
dibandingkan. Kemudian, analisis interaksi mengesahkan pasangan yang terbaik bagi 
pembolehubah dikawal dan dimanipulasi adalah aliran refluks - paras di tangki atas dan 
aliran bawah - paras di tangka tengah dengan nombor keadaan bersamaan dengan 1.185. 
Kesimpulannya, dua struktur kawalan paras dengan PI pengawal dengan penalaan IMC 
dipilih untuk menjamin prestasi pengawal yang terbaik dan memastikan kualiti produk 
dicapai. Selain daripada memastikan keunggulan prestasi sistem pengawalan MVBDC, 
sistem pengawalan MVBDC yang kurang interaksi dapat dihasilkan. 
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ABSTRACT 
 Batch distillation has shown superior advantages over other separation processes 
for the production of fine and specialty chemicals, pharmaceutical products and seasonal 
campaign products. Multi-vessel batch distillation column (MVBDC) is an innovation of 
less-energy efficient batch distillation. MVBDC is a combination of batch rectifier and 
stripper column. Due to its dynamics behavior and unsteady state process, the control 
system strategy of MVBDC is necessarily interesting to study. This research discusses in 
detail the control strategy of MVBDC that is used to separate a non-azeotropic multiple 
component mixture under total reflux operation. A ternary mixture consisting ethanol, 1-
propanol and n-butanol was taken as the case for this study. Maximum fractionating was 
achieved under total reflux operation. The vessel holdup was kept constant to its optimal 
value by the level control, in order to maintain the total reflux operation. Sensitivity 
analysis and controllability study are significant to determine the level of vessel holdup 
needed to be controlled and to obtain the best controller performance that can ensure the 
product quality achievable. Hence, the sensitivity analysis that covers the dynamic 
analysis and is used to determine important variables for the selection of control structure 
based on open loop behavior is analyzed. Furthermore, the controllability study that 
covers controller tuning and interaction analysis using Relative Gain Array (RGA) and 
Singular Value Decomposition (SVD) on MVBDC based on closed loop behavior were 
also studied. A set of mathematical model equations were developed based on first 
principles including mass balance and component balance. The model was simulated 
using MATLAB Simulink. Controller tuning was performed based on Ziegler Nichols 
(ZN) tuning method and Internal Model Control (IMC). A two-level control was selected 
as the control structure based on sensitivity analysis. Based on dynamic analysis, 
proportional (P) and proportional integral (PI) controller were applied to level control and 
then the performance was compared. Interaction analysis confirmed the best pair of 
controlled and manipulated variables i.e. reflux flow-level of top vessel holdup and 
bottom flow-level of middle vessel with condition number equivalent to 1.185. As a 
conclusion, two level control structure with PI controller and IMC tuning was chosen in 
order to guarantee the best performance of controller and to ensure the product quality 
was achieved Apart from ensuring the best performance of the MVBDC control system, 
less interactive MVBDC control system is also produced.  
 
 
 
 
   
 
 
